Access to employment is one of the most valuable amenities offered by cities. In urban economics, this is the principal driver of the bid-rent gradient and is a key determinant of housing prices and land values. However, little is known about the causal effect of employment on housing prices, due to the problem of identification. This study presents the first causal estimates of employment changes on housing prices, both sales and rental. It does this by using a purpose-built spatially granular dataset of 1.4 million housing prices and FDI employment, covering Ireland 2007-2013. Identification rests on a combination of rich spatiotemporal variation due to the abundance of FDI in Ireland, a rich set of location controls and an inelastic housing supply in the period covered. The main results show that 1-2 years after 1,000 extra jobs have been created, monthly rents in nearby properties will be between 0.5% and 1% higher. The effect on prices is at least 2% but less consistent across specifications. On average, net job creation in export-oriented FDI firms 2009-2013 added roughly €48 million to the stock of wealth of owner occupied real estate and €8 million to the stock of wealth of the rental sector. We also estimate that the aggregate effect of the stock of FDI jobs in 2013 on Irish housing prices is €440 million, or just over 1%.
Introduction
Urban agglomerations lie at the heart of modern economies, with cities accounting for less than 1% of land use globally but the vast majority of economic activity. In understanding the economics of cities, the concept of the bid-rent gradient is central, as it captures the opportunity cost of distance from urban centres. The value of urban centres reflects both consumption and labour market amenities, with recent discussion often focusing on the rise of consumption amenites (see, for example, Glaeser et al 2001) . Nonetheless, employment remains perhaps the single most important amenity offered by a location. This paper examines the impact of changes in employment in internationally trading firms on housing prices nearby, both sales and rental. The creation of a job in an internationally trading firm should boost housing demand, thus increasing housing prices and the value of land nearby. This includes direct effects -the new worker's wage -but also indirect effects, as that worker's wage circulates through the local economy.
To examine the link between employment and housing prices, this paper uses two uniquely rich spatial datasets, one on housing prices and the other on annual employment in firms engaged in international trade, both covering the entire Irish economy. The case of Ireland is doubly relevant. Firstly, on a per-capita basis, it is one of the world's leading destinations for export-focused FDI jobs. This, coupled with job losses during the Great Recession, creates significant spatio-temporal variation in the dataset. Secondly, for the period analysed, housing supply in Ireland was extremely inelastic. As outlined in Figure 1 , construction of new dwellings fell by roughly 90% between 2006 and 2012, with housing stock net of obsolescence declining towards the end of this period. Thus, while in more general settings the wealth effect of new employment will be a combination of housing prices and quantities, in this instance, the effect of employment will primarily be reflected through housing prices. To our knowledge, no previous research has empirically investigated the effects of employment on housing prices at a spatially granular level. This lack of existing research is explained by the onerous data requirements for identification. This paper attempts to fill this gap by using a purpose-built dataset that is spatially detailed in housing, employment and other locational characteristics for the entire Irish economy, for the period 2007-2013, including both urban and rural areas. 3 An advantageous but unusual aspect of our dataset is that it locates both properties and firms (and thus jobs) by their geographic coordinates. This allows us to construct disaggregated employment measures and exploit significant spatial variations. Our analysis uses an employment survey that tracks employment in internationally trading firms for the period 2004-13. We focus primarily on changes in employment in foreign-owned internationally trading firms, both because they are fully represented by the survey and because the underlying investment is plausibly more exogenous to conditions in the local housing market.
To establish causality, we employ a hedonic approach. We model rent and sale prices separately as being determined by employment and a rich list of physical and locational attributes. As housing prices may not instantaneously adjust to employment, we construct current and lagged measures of employment. The baseline models use four measures of employment changes: changes at the nearest firm of any size, at the nearest medium or large firm, amongst the nearest five firms and in the Census tract in which the property is located. In these instances, we allow the nearest firm to change between years, so as to take a dynamic view of employment activity. As an additional measure, we track changes in employment at the nearest firm in the year of listing. We also test for a proximity effect on housing prices, with the expectation that the effect of employment changes will be greater, the closer the property is to the employment.
We find the expected relationship between employment and prices: job creation increases housing prices and job destruction decreases housing prices. Our findings show that 1-2 years after 1,000 extra jobs have been created, monthly rents in nearby properties will be between 0.5 and 1% higher, and at least 2% for prices. However, the result for sale price is less robust across specifications. We find that rental prices adjust to all employment activity, whereas sale prices react only to employment changes in the presence of medium or large start-ups and shutdowns. The significance and magnitude of the employment coefficients are also typically greater in the post-crisis period, and we find that job destruction is associated with larger price effects than job creation. We find that the effects of employment at the nearest medium or large firm vary by sector. One year after employment changes, information and communication firms exert a large effect on both rents and prices, roughly 10% per 1,000 jobs, while employment at manufacturing firms exerts a relatively smaller effect on rents (1%). Depending on the specification, we also find a negative relationship between distance to the nearest firm and housing price.
Taking our baseline estimates of the effect of an additional 1,000 jobs on rent prices (1%) and sale prices (2%), we estimate the contribution of net job creation in export-oriented FDI firms in Ireland during 2009-2013 to the wealth of residential real estate. We estimate that the stock of wealth in owner-occupied real estate increased by €48 million, and similary of €8 million in the rental sector. Applied to the whole stock of FDI jobs, these estimates imply that the aggregate effect of the stock of FDI jobs on residential real estate in 2013 is €440 million, or a little over 1%.
The remainder of the paper is structured as follows. In Section 2, we review the related literature. In Section 3, we outline the variables in our dataset. Section 4 presents our identification strategy and section 5 discusses the empirical findings. Section 6 discusses extensions to our analysis and robustness checks. Section 7 concludes.
Literature
A range of local characteristics, including job opportunities, determines housing prices. This paper is related to a large hedonic literature that looks at how amenities are capitalised into housing prices. Everything from school quality (Black, 1999) , urban property crime (Gibbons, 2004) , flooding (Lamond et al., 2007) and wind facilities (Hoen et al., 2013) have been measured and evaluated using hedonic analyses of housing prices. The hedonic approach dates back to Court (1939) , Griliches (1961) and Lancaster (1966) , but it was Rosen (1974) who developed a theoretical structure for the regression. Hedonic regression techniques are commonly used to estimate the value of individual attributes of a property whose prices are not directly observed. As described by Rosen (1974) , the implicit prices of the characteristics are estimated by regressing the observed price of a house on its attributes, e.g. number of bedrooms and access to transport.
Housing prices are a reflection of local economic conditions and housing prices are bid up when residents enjoy better employment opportunities. Job creation will increase the demand for housing, and bid up housing prices through a rise in income. Vice versa, job destruction will decrease the demand for housing. In line with the bid-rent gradient in standard urban economic models, there is a strong link between the housing market and the labour market, as individuals generally prefer to live close to their workplace. For the UK, Böheim and Taylor (2002) find that employment reasons have the largest impact on the probability of moving between different regions, and Clark and Withers (1999) find that job changes are an important factor in the decision to move house. Related to this, Hwang and Quigley (2006) construct a model of local housing markets using a panel of 74 U.S. metropolitan areas. Among other findings, they show that changes in employment affect housing prices mainly through changes in housing demand. Furthermore, using a dataset of 88,000 sales in suburban Philadelphia, Voith (1999) finds that city employment growth increases suburban housing prices, but little effect is found for suburban employment growth.
However, the housing price response to changes in employment will depend on the elasticity of supply. Housing price and construction are likely to be jointly determined with employment, as new construction becomes profitable as demand for housing rises. Furthermore, vacant dwellings in the existing housing stock become occupied, and dilapidated housing is renovated. Voith (1999) finds that suburban employment growth increases construction rates close to the urban fringe.
In our specifications, we also control for distance to the nearest firm(s). Theoretical urban models predict a negative relationship between housing price and distance to an employment centre(s). There is there is a long tradition of estimating rent and price gradients around employment centres (Alonso, 1964; Mills, 1972; Muth, 1969; Papageorgiou & Casetti, 1971; Yinger, 1992) . These early models are based on the idea that lower transport costs are capitalized into housing prices. Empirical studies find mixed results. Some find the expected negative relationship, while others find a significant positive relationship or no relationship whatsoever (Bender & Hwang, 1985; Coulson, 1991; Heikkila et al., 1989; Osland et al., 2007) .
To our knowledge, no study has yet used granular data on housing prices, sale or rental, and on the location of employment to estimate the causal impact of changes in "job intensity" on housing market outcomes. The onerous data requirements were likely, until recently, insurmountable but this is something that this study addresses.
Data

Housing market
Property listings are obtained from a dataset maintained by Ireland's most popular property listing website, daft.ie. The dataset includes over 1 million residential listings to rent and over 300,000 properties listed for sale from 2007 to 2013. For scale, Ireland's 2011 Census recorded a total housing stock of just under 2 million dwellings, with almost 0.5 million households in rented accommodation. Each dwelling is located by its address to its geographic coordinates. 4 In addition to location, the dataset includes the date of listing, the listed price, the type and size (in bedrooms and bathrooms) of the dwelling, as well as other physical characteristics. There are seven years of listings, ranging from 2007Q1 to 2013Q4. Table 1 shows the number of listings by geographic area and segment. . The survey locates each branch of each firm by its geographiccoordinates, which allows the calculation of distance between dwellings and firms, as well as recording the firm's sector, number of employees, and whether the firm is majority foreign or Irish-owned. Throughout this paper we refer to 'the nearest firm' instead of 'the nearest branch of a firm' for ease of reading. Figure 2 shows the location of 1,770 foreignowned firms in the dataset. Just over one-quarter (27%) of foreign-owned firms are in central Dublin, with a further 18% elsewhere in Dublin County. Nonetheless, the location of firms is spread across the country. Table 2 shows the number of firms by sector and the average number of jobs by sector. Firms and jobs are concentrated in manufacturing, finance and insurance activities, and information and communication (ICT) services. See Appendix A for a breakdown of foreign-owned firms by geographic area, year, establishments and shutdowns.
The most important variable for our purposes is the annual employment level at each firm. We construct employment changes by calculating the annual change in employment. For example, if a firm increases its workforce from 1000 to 1200, this +200 change in the employment level signals job creation. While it could be true that 210 workers are hired and 4 This is done to differing degrees of accuracy. In section 6, we conduct a robustness check using the accuracy of the remaining dwellings. 5 A possible concern is that the listed price does not equal the transaction price. For example, an apartment may be listed at €200,000 but sell for €180,000. The dataset records the former price but cannot observe the latter. While for any given property, there will be a gap between the list and transaction prices, research covering Ireland over the period 2006-2012 found that, for the market as a whole, there is very little structural difference in trends once initial list date is used (Lyons, 2013) . 6 If a firm does not respond, the previous years employment is rolled over to the current year. 10 fired, the focus is on net job flows and not individuals workers. Figure 3 shows the total number of jobs in foreign firms each year. 7 During the period associated with the Financial Crisis (2007-9), employment in foreign-owned firms dropped by 11% but recovered by 12% between 2009 and 2013. 
Number of listings
Location
Other factors may affect the value of a particular property or area to a potential buyer or renter and some of these maybe correlated with employment in international trading firms. Therefore, a rich set of control variables are included; see Appendix B for a full description of the variables in our dataset. The distance between each dwelling and a range of amenities are included. Better access to transport generally feeds into higher housing prices, so distance to the nearest rail station and road networks are included in the estimation. Access to environmental (dis)amenities may also affect housing prices (Kuminoff et al, 2010) . The distance to features such as the coastline, lakes, waste facilities and rivers are included. Also included are educational amenities. Buyers or renters may seek to live closer to schools or universities in a bid to reduce transport costs and time spent driving. Distance to the nearest higher education institution, primary school and post-primary school are included to control for this effect on prices. The distance to the nearest Central Business District and airport are included. Controlling for proximity to both will eliminate the measures of employment picking up effects on prices that are due to the uniqueness of these centres rather than the effect of employment changes. Other variables include distance to the nearest national monument, supermarket and stadium.
As well as property-specific distance measures, area-level attributes are also included. Higher crime rates are often associated with lower housing prices (Gibbons, 2004) . Crime statistics are taken from the Garda Recorded Crime Statistics and are provided for each Garda (police) station. 8 Each dwelling is assigned the average number of crimes recorded at the nearest station between 2004 and 2010. Information is also taken from the 2011 Census, at the level of official Small Areas (tract), of which there are 18,488 in the country. It is standard in the hedonic literature to include local unemployment rates to capture neighbourhood quality. Also included is the fraction of the population achieving greater than post-secondary education, population density and the fraction of the neighbourhood that is foreign-born. Lastly, local variations in the supply of housing generate differences in housing prices. The fraction of vacant houses is included to account for this.
Identification
To find how employment is capitalized into housing prices, we apply a standard hedonic approach and then estimate a pooled model of housing prices. Hedonic models exploit crosssectional variation in goods with bundles of attributes to estimate the average value of each measurable attribute. In relation to housing, hedonic models typically include vectors of characteristics relating to the house itself (e.g. number of bedrooms and property type) as well as characteristics relating to the location (e.g. job opportunities and crime rates). Here, lhp represents the natural log of the housing prices, either sale or rent per month, the basic relationship is as follows:
Employment is separated from location in Equation (1) because it is the variable of interest. As previously mentioned, the core models use employment at foreign-owned firms. The estimation also includes Electoral Division (ED) dummies, county dummies and year-month dummies, to control for unobserved effects.
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We define employment as the change in the number of jobs in a chosen proximity. Changes in employment are included for the current period and also for two lagged periods, reflecting the fact that housing markets may take some time to respond in full to changes in employment.
We expect that changes in employment will have a positive coefficient: an increase in jobs at the nearest foreign firm increases price (vice versa, a decrease in jobs decreases price).
As described in section 3.2, the employment survey refers to employment taking place between November 1 st and the following October 31 st , inclusive. For example, for a house listed for sale in January 2012, the contemporaneous change in employment is the one occurring between the November 2010-October 2011 year and the November 2011-October 2012 year.
One dimension of the empirical specifications relates to the proximity at which changes in employment occur. Firstly, we measure changes in the number of jobs at the nearest firm of any size, and secondly at the nearest medium or large firm (MOL), defined by the European Commission as firms with at least fifty employees. The nearest firm is the firm that is closest in distance to the property. We differentiate based on size because we expect that bigger employers exert larger effects. We then extend beyond the nearest firms and calculate total employment among the nearest five firms of any size, and the changes in employment in the ED in which the property is located.
A second dimension of the empirical specifications relates to the calculation of employment changes at the nearest firm(s). In the core specifications, we calculate employment changes between the nearest firm(s) in each year, i.e. the nearest firm(s) in time t, may not be the nearest in time t-n. We do this for the nearest firm, the nearest MOL firm and the nearest five firms. For robustness, we also track employment changes at the nearest firm in the year the property is listed, i.e. the nearest firm in time t is the nearest firm in time t-n. We do this for the nearest firm and the nearest MOL firm.
The effect of changes in employment on housing prices may vary depending on how close or far away the employment is. One measure of distance is used throughout as a separate regressor: the log of the direct line distance between each dwelling and the nearest firm(s). 10 We do this only for the year of the listing, as we do not expect distance to have a time-varying effect, at least not in our time period. Summary statistics for distance to the nearest firm of any size are presented in Appendix C. The strength of the distance variables is that they are continuous, as opposed to categories of distance. This means that we can identify the effect of a one-unit change in distance on prices. We expect that distance will be negatively related to price.
A major identification issue in hedonic models is omitted variable bias. It is difficult or even impossible to account for all of the factors that determine housing prices. We believe the econometric strategy presented here is strong because of its three-pronged approach. Firstly, it attempts to isolate the effect of employment by exploiting the combination of variation over time and across space, with spatial variation measured in a very granular way. Secondly, and as is standard in the hedonic literature when attempting identification, we include a rich list of physical and locational variables. Thirdly, we believe the use of ED dummies removes the possible omitted variable bias that is associated with this model. In total, for an omitted variable to disrupt our measure of changes in employment, this variable must have the following characteristics: it must be jointly collinear in space and time with changes in employment, while also being more local than the ED level. Although possible, we believe it is unlikely for such a variable to exist.
Another identification issue is reverse causation. One potential concern might be that firms locate in areas where there is plentiful supply of housing to house their workers and thus in locations where housing is cheap. This would imply a negative correlation between housing prices and jobs created, rather than our hypothesized positive relationship. Nonetheless, in section 6, we attempt to alleviate this concern by showing that our results are robust to the presence of vacant homes, using the existence of unfinished developments after Ireland's housing market bubble.
Results
This section first presents our core results, on the impact of changes in employmentmeasured in four different ways -on nearby housing prices, both sale and rental. These measures allows the closest firm to vary over time, and in Section 5.2, within-firm job changes are analysed. The latter is relevant in particular for job losses, and Section 5.3 directly compares job creation and job destruction. Section 5.4 examines whether the effect differs during and after the crisis, while the final subsection examines the effects by sector. Table 3 presents the core results, for both rental and sale sectors, of a regression of housing prices on employment changes. For robustness, these changes are measured in four ways: at the nearest firm of any size, the nearest or large (MOL) firm, among the nearest five firms and for the ED in its entirety. The control variables are as described in Section 4 and a set of full results containing most of the variables is presented in Appendix D. Employment changes are denoted by Δemp and are included contemporaneously and with two lags. For example, Δempt at the nearest firm is the number of jobs at the nearest firm in the current year minus the number of jobs at the nearest firm in the previous year (where in this specification, that firm may have changed). Changes in employment are scaled to show the impact of 1,000 new jobs (or job losses) on housing prices. We control for the distance (ldistt) from the dwelling to the nearest firm(s) in the year the property is listed. Due to the use of the log transformation the coefficient on distance shows the impact of a 1% increase in distance (metres) on prices.
Baseline results
Looking first at rental properties, the four measures of employment changes are strongly statistically significant, contemporaneously and at up to two lags, in almost all cases. All four measures of employment change suggest that, 1-2 years after 1,000 extra jobs have been created, properties nearby will see monthly rents between 0.5% and 1% higher. The exact pattern over time varies by specification: taking the nearest firm, the effect is 0.5% immediately, then doubles after a year, before falling back to its original level. Taking the nearest MOL firm, or the nearest five firms, the effect grows over time, to 0.9% after two years. When measured at ED level, an extra 1,000 jobs is estimated to have the biggest impact immediately (2%).
In general, results for the effect of changes in employment on the prices of properties for sale are larger, but less stable. An extra 1,000 jobs at the nearest FDI firm (of any size) is associated with 2% higher prices the same year and the year after, rising to 4.3% in the following year. Results for the nearest MOL firm are significant with lags and suggest a 2-3% effect, while results for the nearest five firms are significant only at the second lag (roughly 1%). At ED level, only the first lag is statistically significant (roughly 2.5%).
Throughout, though, the results overwhelmingly show the correct sign (23 of 24 coefficients) and typically achieve statistical significance (17 of 24).
11 In other words, it is clear from this uniquely granular dataset that job creation is associated with increased housing prices, both sale and rental. In addition, the closer the dwelling is to the nearest firm, the bigger the effect -in the rental segment and, depending on the specification, also in the sale segment. 
Within-firm changes
The results presented in Table 3 allow for within-firm employment growth and for new FDI firms to establish and create jobs. This section focuses only on within-firm creation. Table 4 shows the results for the nearest firm of any size and for the nearest MOL firm, where in both cases, those firms do not change over time. For rental prices, again there are clear positive effects of job creation on rental prices, with strong statistical significance is most cases. The estimated effects are significantly larger than in Table 3 : 2-3% after one year, compared to 0.5-1% where nearest employer could vary. Again, greater proximity to employment is associated with higher rents. For sale prices, the effect of employment changes is imprecisely estimated in general. In both specifications, though, there is a statistically significant positive effect after two years -of between 1.8% and 3.5%. Of the two sets of results presented in Table 3 and Table 4, Table 3 is our preferred specification, as it takes a more dynamic and complete assessment of employment conditions near the property listed. Table 3 recognizes start-ups and exiting firms, who will have more rapid employment changes and changes that are less likely to be marginal. For example, when a firm shuts down, it will shed its entire workforce. Similarly, newly established firms tend to grow their labour force more suddenly than mature firms (Haltiwanger et al., 2013; Adelino et al., 2014) . Nonetheless, Table 4 may reflect the impact of job losses more clearly, while it also allows analysis by sector. Thus, the differences between Tables 3 and 4 shows that sale prices in particular are sensitive to employment changes at newly established and withdrawing MOL firms. Table 5 examines whether the effect of changes in employment is asymmetric between losses and gains. Categorical variables that indicate whether the employment change is greater than or equal to zero, or negative are interacted with the core regressors. We expect positive coefficients such that that job creation (destruction) will increase (decrease) housing prices, everything else being equal. For the most part, we find that the magnitude and statistical significance of job destruction is greater than job creation. In the case of a single firm where 1,000 jobs are lost, properties nearby experience a fall in monthly rents of 7-12% after 1-2 years. Vice versa, 1,000 new jobs increases rents by 1-2%. Given the inelasticity of the housing stock to respond to negative shocks, job losses decrease housing demand and potentially free up housing units, increasing effective housing supply. These two actions will push housing prices downwards.
Job creation vs. job destruction
During and after the financial crisis
The Irish economy contracted sharply after 2007, before stabilizing in 2010. In Table 6 , we interact employment changes with a crisis dummy variable, that is equal to 1 if the dwelling is listed during 2007-9, and 0 if it is listed during 2010-13. The crisis dummy is large and positive, reflecting how much higher sales and rental prices were earlier in the sample. Turning to the variables of interest, the significance and magnitude of the employment coefficients are typically greater in the post-crisis period. Under crisis conditions, housing prices and labour market conditions are more volatile. This may help to explain our finding in section 5.3, where job destruction changes housing prices by a greater magnitude. The finding also supports our claim that we are capturing the effect of housing demand, as housing supply in Ireland was most inelastic during the post crisis period (figure 1).
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Effects by sector
Policymakers may be more interested in attracting high-skilled jobs in internationally traded services than those in a heavily polluting manufacturing facility. Table 7 examines the differential effects of employment changes on nearby housing prices, focusing on firms in the three predominant FDI sectors in Ireland: manufacturing, finance & insurance, and ICT. It does this in two ways. Firstly, it looks at the income channel. If a rise in income increases housing demand, then the rise in demand should be greater, the larger the income. Unfortunately, our dataset does not provide information on earnings, so we instead use the average annual earnings associated with each sector to examine this hypothesis. Table 7 confirms that a larger income is associated with larger rents, but has little effect on sale price.
The alternative method shown in Table 7 is to interact employment changes and distance with sector dummies, setting manufacturing as the base. Once again, there are clear effects on rents, across all sectors, using the nearest MOL firm. A year on from employment changes, ICT firms exert a large effect on both rents and prices (roughly 10% per 1,000 jobs). Employment changes in financial services firms are associated with large price increases after one year (30% per 1,000). In contrast, manufacturing firms exert a much smaller employment effect (2%), and in certain specifications negative, possibly reflecting negative production externalities associated with manufacturing firms (Osland and Pryce, 2012) .
12 A possible concern is that a lack of commercial office space during and after the crisis is driving out result. However, during 2008 to 2012 choice of Dublin office space was high, with a 24% vacancy rate and rents that were 50% lower than the peak of 2007 (Duffy and Dwyer, 2015) . 
Extensions and Robustness
The depth of the data allows many other potential specifications and robustness checks. Five are described briefly in this section. Firstly, the analysis is extended to domestically-owned internationally trading firms in the dataset. The analysis is repeated using employment in domestically-owned firms and all firms in the survey (Appendix E). We find contrasting results. The expectation is that changes in employment will be positively related to housing price regardless of firm ownership; however we find a negative relationship. This may reflect the greater endogeneity of the investment, employment and trade decisions of Irish-owned firms to local economic conditions. Secondly, the effect of changes in employment is allowed to vary by region, specifically by EU NUTS3 regions, of which there are eight; Appendix F contains the full results. The effect of employment changes at changing MOL firms on rents is largest in the West and South East of Ireland and the effect on prices is largest in the South East and South West -perhaps reflecting lower prices and greater scarcity of FDI jobs in the region.
Thirdly, we repeat our analysis controlling for the potential elasticity of supply, as discussed in section 4. Notwithstanding the dramatic reduction in housing construction after 2007 in Ireland, the existence of unfinished developments from the preceding housing market bubble may act as a source of latent supply. To the extent that this occurs, this would dampen down the estimate of how housing prices respond to new demand, as FDI jobs triggered empty properties to come on the market, a quantity response rather than a price response. In 2010, Ireland's Housing Agency compiled a register of unfinished developments, including geographic coordinates. We repeat our analysis adding the log of the distance of every dwelling to the nearest unfinished housing estate as a control variable, with the expectation of a positive coefficient (proximity to latent supply should lower housing supply). The coefficient is statistically insignificant for rents, but positive and statistically significant for sale price. However, there is no disruption to our employment coefficients as we find similar results in all specifications.
Lastly, two robustness checks are performed. As mentioned in section 3.1, each dwelling is located by its geographic coordinate with a certain degree of accuracy. There are six levels of accuracy in the dataset: area, building, general estate, street, village and unmatched. The majority of dwellings in the dataset are matched with a high degree of accuracy; 68% of dwellings for rent and 67% of dwellings for sale are matched at the building or street level. However, a problem may arise if the remainder of the dwellings are inaccurately located in the centre of an area, where employment is also located. We repeat our analysis including a control for location accuracy and we find similar results to section 5.
As explained in section 3.2 and 4, there is a mismatch in the dataset between the listings and the employment numbers e.g. for a house listed for sale in January 2012, the contemporaneous change in employment is the one occurring between the November 2010-October 2011 year and the November 2011-October 2012 year. In Table 8 , we repeat our analysis using only property listings between January and October, as they are aligned correctly. We find that the results are similar and the misalignment is not a cause for concern. 
Conclusion
The results presented above can be used to calculate the effect of increased FDI employment in the period 2009-2013 on Irish housing prices, a time when housing prices fell by 27% on average, according to official indices. Using our baseline estimates of the effect of 1,000 additional FDI jobs on rent prices (1%) and sale prices (2%), we find that net job creation 2009-2013 increased the stock of wealth in owner-occupied real estate by €48 million, and €8 million in the rental sector. This is done as follows. Firstly, we calculated the number of households affected by employment using the 50th percentile of distance to the nearest firm.
i.e. the number of rental dwellings within 0.9km of employment, and within 1.6km for properties for sale. Next, for properties listed in 2013, we estimated the average change in employment between 2009 and 2013 at the nearest firm. Using this estimate and the average housing price in our dataset, we calculated the aggregate effect of net job creation during 2009-13 on the stock of residential real estate.
Applying our result about marginal changes in employment to the entire stock of FDI jobs provides the first estimate of the effect of aggregate FDI employment in Ireland on its residential real estate wealth. In particular, we estimate that the aggregate effect of the stock of nearly 140,000 FDI jobs in Ireland in 2013 on residential real estate wealth was €440 million. This is calculated by dividing the aggregate effect of net job creation during 2009-13, derived from the first calculation above, by the total change in employment among all firms in the period. Finally, we divide the result by the stock of jobs in 2013 to obtain the average effect on the wealth of residential real estate in 2013.
This paper provides the first estimates of the causal effect of employment on housing prices. Two spatially granular datasets for Ireland are used, the first on housing prices and the second on changes in employment at internationally trading firms. In a hedonic framework, we model rent and sale prices as being determined separately by changes in employment and a rich list of physical and locational attributes. Housing supply in Ireland was extremely inelastic during our time period, which allows us to observe the effect of employment on housing prices, not quantities. The empirical results provide clear evidence that job creation (destruction) is associated with increased (decreased) rents and sale prices.
We find that 1-2 years after 1,000 jobs have been created, nearby housing will have rents 0.5% to 1% higher, and sale prices at least 2% higher. Rental prices adjust to employment changes in all specifications: the nearest firm (of any size), the nearest medium or large firm, the nearest five firms and in the Electoral Division. This is true when we allow the nearest firm to change, and when we track employment at a single nearest firm. These results imply that rental prices adjust to all employment activity. In contrast, sale prices react only to employment changes in the presence of medium or large start-ups and shutdowns. We also control for distance to the nearest firm and find a negative relationship in most instances. We find that the significance and magnitude of the employment coefficients are greater in the post-crisis period, and larger for job destruction than job creation, as well as varying employment effects by sector. In all, these results confirm one of the core intuitions of urban economics: households pay more for better access to the labour market. Notes: ***p<0.01 **p<0.05 *p<0.1. Robust standard errors are in parentheses. Numbers are rounded to four decimal places. County Dublin is the base.
Appendix B
